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In America there are no native stocks. The grain-producing areas are relatively new. The varieties peculiar to a section are usually the result of chance introductions. Breeding material from foreign sources is as likely to contain desirable types as is that already at hand. In this investigation, in order to obtain the proper basis upon which to conduct breeding work, stocks were assembled not only from local sources but from all over the world. Many distinct strains were isolated from each stock, for both the local varieties and the foreign introductions were usually either races that had not been purified or that had become mixed after purification. The isolation was accomplished by head and plant selections, which when grown in pedigree rows formed a surprisingly large collection. When to these were added a still greater number from the progeny of hybrids, the problem became one of elimination. The plant selections from their very nature were made more or less arbitrarily, and hundreds of these forms were necessarily duplicates. These duplicates, especially as long as they were not so recognized, were a drain upon the breeder, and it was soon realized that the efficiency of a nursery was measured, not by the number of stocks it carried but by the number it eliminated.
It was to accomplish this reduction better that the character studies were made. The distinctions found were of two classes, morphological and physiological. The morphological variations were, in the broader divisions, of taxonomic value, and many of them were practically invariable.
The physiological characters were, from their nature, more difficult to appraise. They were found to possess not only more widely fluctuating limits, but the limits often overlapped and at times the characters became inseparable.
In physiological characters a further distinction was made between permanent and place variations. Some separations were so wide that they never became confusing, while others (25) is important largely because he based a part of it upon the extent of overlapping of the grains, thus forecasting in an indefinite way the use of density. Atterberg (2) made use of the bristle and nerve characters discovered by Neergaard, mentioned below, and subdivided the previous groups until he had 188 named botanical varieties.
Beaven (3) , by a rearrangement and compilation of previous classifications and by growing and describing a large number of hybrids of Karl Hansen, Kornicke, and others, gave a very clear conception of the entire species. His work is perhaps most valuable in the placing of the Abyssinian forms with abortive lateral florets in a group by themselves. He does not make use of the finer subdivisions employed by Atterberg. Kegel (21) , on the contrary, carries the subdivision still farther and uses twisting of the spike and earliness and lateness of the variety in his separations. The last, a purely physiological phase, he employs in named botanical forms.
A review of the work at Svalof is especially valuable in this connection because of the fact that a large part of that effort has been along the same line and because, in many instances, this investigation has merely attempted to discover whether results obtained by them were sustained under the great variations of the American climate. In barley the greatest achievement at Svalof was the discovery of two kernel characters, which, by various combinations, gave four separations under each previous group.
These investigators found that the rachilla in some barleys was covered with long straight hairs and in others with short curly ones ; also that the inner pair of dorsal nerves sometimes bore teeth and were sometimes smooth. The stability of these characters was questioned by Broili (10) , who claimed to have frequently observed one form in the progeny of another, Tschermak (13) , Blaringhem (7) , and others have supported the investigators of the Plant-Breeding Association at Svalof, at least so far as the basal bristle is concerned.
Although none are to be compared with this discovery in importance, many other studies have been made at Svalof. At one time they had developed a very elaborate system of measurements made by means of many ingenious mechanical devices. They have, unfortunately, made no specific, comprehensive publication of their negative results, but according to Xewman (20) and others they have abandoned the use of many of the measurements that were formerly made. Of those retained, the most important from the standpoint of this paper is that of density. In the early history of the association two or three varieties were obtained by the "elite" method.
They chose an arbitrary density and made mass selections of spikes conforming to that measurement. Later, they used density as a means of valuing head measurements, as a long head if loose might contain no more grains than a short one if compact. They finally employed it in varietal description. Blaringhem (7) , who has followed the work of the Svalof association quite closely, used density as an indication of purity and to reveal the effect of climate.
The morphological characters of the seed coat and the kernel have been treated by Kudelka (16) and Johannsen (14) , but there is no suggestion of usable varietal differences. This is shown to some degree in figure 3 , and to a still greater degree in figure 7, which will be discussed later. Figure 3 shows the date upon which the greatest number of plants in 17 selections sown in drill rows reached the three stages of development.
It will be noticed that the average date of the occurrence of the second leaf varied over scarcely more than 1 day, while the third extends over 2J days, and the production of tillers over 5 The number of nodes to the culm is naturally identical with the number of leaves to the culm and is discussed under that heading.
NUMBER OF CULMS PER PLANT.
The number of culms per plant seems to be a varietal character," but one which is so dominated by environment as to make it impossible to determine when it is given true expression. It is probable that all students of the cereals have gone through the same process of diminishing confidence to final doubt as to the utility of this factor.
In this investigation the number of tillers was recorded on over 20,000 plants without being able to discover a method of using such information for minor distinctions, as was possible, for instance, with the time and method of tillering. The broad groups vary as groups in this character and occasionally a variety deviates sufficiently from its group to become distinct, but the mass is, for the most part, inseparable.
Two causes of variation were studied in detail, viz, spacing and geographical location. In Minnesota a selection of Smyrna, a heavytillering variety of a 2-rowed group, and a light-tillering selection of Manchuria of the 6-rowed group were planted at three different spacings. The results obtained are shown in Table II Table IV shows that the common taxonomic groups, based upon spike characters, are correlated -in the nature of their leaf growth. pose, the date of the emergence of the awn is placed also in figure 13. As they are in no way parallel, the combination of the two curves more than doubles the value of each. It will be noticed that Nos. 3, 6 , and 55 are suspiciously similar, the density and the date of emer- 16. As a whole the variations were parallel, Xos. 6 Number of internodes in one decimeter. Although it seems not to have been used by systematists, the rigidity of the awn has been found to be serviceable in varietal descriptions.
From most barleys it is broken rather easily in thrashing, but there are some which will not thrash clean, no matter how much effort be expended. This character is commonly recognized in the California barley, but exists in Mariout, in some of the selections from Odessa, and in numerous others as well. These varieties have been grown at a large number of points and show no inconstancy in this character.
There is also a difference in the persistence of the awns. There are a few varieties that are almost deciduous. The Primus, for instance, has been observed in a great variety of locations, and it always drops a large percentage of its awns as it ripens. The loss of the awn in such varieties does not come about through the breaking of that organ, but by its being loosened from the glume. It is the tissues of the glume that give way, and lack of persistence is thus in reality a character of that organ.
In the hooded barleys the awn of the flowering glume is replaced by a trifurcate appendage. This is of evident monstrous origin and is connected with the awned class by no true intermediates. The exact nature of the appendage is not clear. In structure the parts appear to be the result of vegetative stimulation, and they are glumelike in appearance. The fact that they are three in number and that they bear rudimentary florets indicates that they are a partial repetition of the spikelets of an internode, the leafy segments being the flowering glumes. The character is absolutely constant.
THE BASE OF THE FLOWERING GLUME.
The method of the attachment of the lemma, or flowering glume, to the rachis has been shown by Atterberg (1) to be a distinguishing mark between the erectum and nutans groups. In the nutans group the grain (and therefore the flowering glume) is attached by a very constricted band of tissue which, when separated, leaves the proximal extremity smooth. The surface is oblique to the long axis of the grain and presents a small horseshoe-shaped depression just above the line of attachment. In the erectum group there is more than one variation of form, but all are centered around an attachment to the rachis that is much broader than in nutans and the depression is absent. When the central nerve of the dorsal glume is not too large and continued too far through the base, a transverse crease is found just above the attachment. The 6-rowed barleys are separated by the same means. ADHERENCE OF THE FLOWERING GLUME TO 
THE SVALOF CHARACTERS.
In 1889, Neergaard (19) , of the Swedish Plant-Breeding Association at Svalof , announced the most important discovery in the classification of the lesser groups of barley that has ever been brought to the attention of the world. Not only was it of exceptional intrinsic value, but it acted as a great stimulus in the study of elementary forms and has been the cause of much of the progress that has been made in the isolation of biotypes.
Neergaard's work was based upon the careful study of the spike.
He discovered that two previously unobserved variants were de- (17) found that the average protein content for Bay Brewing from all points was 10 SUMMARY.
While all lesser distinctions must be based upon the broader groups and no study of a cereal can omit its classification, the plant characters useful in taxonomic work and the ones most useful in plant breeding are far from being the same. Plant breeding is concerned with minute differences. The broad taxonomic divisions are serviceable only as groups. The problem of the nursery is not to separate a 6-rowed Manchuria from a 2-rowed Hanna barley, but to detect a variant in a plat of Manchuria.
Strains are often shown to be distinct in early growth by their rate of development. All barleys rush through the early stages very rapidly, and a selection that is one or two days earlier than a second is very dissimilar in appearance on a given date.
Leaf production is, in some ways, a varietal character. In some varieties the third leaf appears in three days after the second, while in others it occurs six days later. In the production of the fourth leaf even a greater range exists.
In some strains the first tiller appears decidedly later than the fourth leaf. In others it appears earlier. In some the tillers are all produced within a short time; in others the process is extended over several days. 
